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Abstract
Background: Child with mild scoliosis is always a subject of interest for most orthopaedic surgeons regarding
progression. Literature described Hueter-Volkmann theory regarding disc and vertebral wedging, and muscular
imbalance for the progression of adolescent idiopathic scoliosis. However, many authors reported spontaneous
resolution of curves also without any reason for that and the rate of resolution reported is almost 25%. Purpose of
this study was to question the role of paraspinal muscle tuning/balancing mechanism, especially in patients with
idiopathic scoliosis with early mild curve, for spontaneous regression or progression as well as changing pattern of
curves.
Methods: An observational study of serial radiograms in 169 idiopathic scoliosis children (with minimum follow-up
one year) was carried. All children with Cobb angle < 25° and who were diagnosed for the first time were
selected. As a sign of immaturity at the time of diagnosis, all children had Risser sign 0. No treatment was given to
entire study group. Children were divided in three groups at final follow-up: Group A, B and C as children with
regression, no change and progression of their curves, respectively. Additionally changes in the pattern of curve
were also noted.
Results: Average age was 9.2 years at first visit and 10.11 years at final follow-up with an average follow-up of 21
months. 32.5% (55/169), 41.4% (70/169) and 26% (44/169) children exhibited regression, no change and
progression in their curves, respectively. 46.1% of children (78/169) showed changing pattern of their curves during
the follow-up visits before it settled down to final curve. Comparing final fate of curve with side of curve and
number of curves it did not show any relationship (p > 0.05) in our study population.
Conclusion: Possible reason for changing patterns could be better explained by the tuning/balancing mechanism
of spinal column that makes an effort to balance the spine and result into spontaneous regression or prevent
further progression of curve. If this which we called as “tuning/balancing mechanism” fails, curve will ultimately
progress.
Introduction
A major concern of orthopaedic surgeons in managing
children with idiopathic scoliosis with a minor curvature
is identifying how many and which curve will progress to
severe deformities that requires treatment [1-9]. Accurate
identification of curves destined to progress requires a
clear understanding of the natural history of idiopathic
scoliosis. A curve measuring greater than 10°, using the
Cobb method, was defined as a structural scoliosis
according to the Scoliosis Research Society criteria [10].
Soucacos et al reported 27.4% spontaneous improve-
ment of at least 5° in the curve and 9.5% out of them
had complete resolution [11]. Brooks et al reported a
5% incidence of progression in 134 children with a
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in 22% [1]. Lonstein and Carlson, in a retrospective
review of cases mainly detected through screening at a
scoliosis centre, found progression in 23.2% of 727 chil-
dren with untreated scoliosis [5]. There were numerous
factors described causing progression of curve like curve
magnitude, skeletal immaturity, sex of patient side of
curve and curve pattern etc. However, literature does
not explain the reason for spontaneous resolution or
regression of curve.
In adolescent idiopathic scoliosis, a larger back muscle
volume has been reported at the apex on the convex
side of the spine [12,13]. Literature supports the role of
paraspinal musculature in progression of curve based on
EMG and MRI study [14-16]. Asymmetric myoelectric
activity in the convex and concave sides also has been
noted [17-21]. Monney et al suggested that asymmetri-
cal spinal muscle activation may not be caused by the
curvature itself but may be more primary in the central
nervous system [22]. In their study they showed that
this muscle imbalance could be corrected by specific
exercises that isolate the appropriate musculature. Pro-
gress that can be measured can be monitored. Thus
there is an ongoing debate suggesting muscle imbalance
mechanism causing regression or progression of curve.
Weiss suggested that in the younger patients some of
the results were not significant or even showed an
increase in muscle activity [23]. He attributed this to
retarded adaptation of the child’s muscles to the chan-
ged training conditions [24]. During a muscle training
program lasting several weeks, a distinct increase in
activity occurs during the first 3 weeks; the activity then
drops to the initial value [24,25]. This means that it is
quite possible that immature individuals were still in the
phase of increased muscle activity. In fact we have
observed the changing pattern of curve and Cobb angle
especially in younger children with idiopathic scoliosis.
They do not show continuous regression or progression
rather they show a wavy pattern of their Cobb angle,
and sometimes changing the side of their curves. We
don’t know the reason behind this behaviour of the
immature curves.
In present study, we reviewed the curve pattern of
immature idiopathic scoliosis patients; and observed dif-
ferent pattern of curve during progression, regression or
resolution of curve. Based on our observation we think
that tuning or balancing mechanism of spinal column
may be an important factor in progression, stabilization
or regression of curve, especially in mild degree early
curves. We tried to answer our question that in growing
spinal muscles or ligaments try to balance the whole
spinal column as they get matured and, due to this bal-
ancing mechanism mild scoliosis curve shows regression
or resolution [24]. Those paraspinal muscles that can’t
balance enough, scoliosis curve will progress.
Methods
A retrospective observational study was carried out in
169 idiopathic scoliosis patients (50 male and 119
females) who had regular visits in our outpatient clinic.
Average age of patients was 9.2 ± 2.1 years (range,
5~11 years) at the first visit and 10.11 ± 2.8 years
(range, 6.1~12.3 years) at final follow-up. Patients who
had idiopathic scoliosis, Risser sign 0 at first visit, at
least one year regular follow-up, initial curve between
11 and 25 degree and no prior treatment either in
form of bracing or manipulation were selected for this
study.
We retrospectively observed serial radiograms for all
patients and compared their initial Cobb angle with fol-
low-up and at last follow-up Cobb angle. All children
underwent for standing anteroposterior and lateral
radiogram of whole spine including both hip joints and
full length both lower limb radiograms by a single radi-
ologist. All radiograms were taken on a single X-ray
machine to avoid any error. By clinical as well as radi-
ological examination, leg length discrepancy was ruled
out in the subject group. Based on our observation, we
divided the entire study population into three groups:
group A who had regression or resolution of curve for
5° or more at final follow-up; group B who had no
change (or difference less than 5°) in Cobb angle at final
follow-up; and group C who had progression of curve
for more than 5° at final follow-up. We found out the
percentage of children in each group from our observa-
tion to have an idea of incidence of regression, progres-
sion or stabilization of curve. We also tried to find out
any change in the curve pattern during each follow-up
that might be responsible for regression or progression
of curve. Criteria for considering children in changing
pattern were the change in side of curve during follow-
up or/and wavy pattern of Cobb angle (i.e. sometimes
increase and sometimes decrease, they did not display
continuous decrease or increasing pattern) (Figure 1 and
2). For the curve showing progression (group C), we
considered final follow-up when they required change in
the treatment protocol, either in form of bracing or
operation.
We also analyzed side of primary curve, number of
curves (single or double) and gender of patients in each
group to find out any relationship with regression, stabi-
lization or progression of curve. We used Chi-square
test to analyze the statistical significance between side of
curve, number of curve and gender with curve regres-
sion or progression. P value < 0.05 was considered for
significance for all tests.
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Average follow-up was 21 ± 9 (range, 12~36) months.
Average follow-up in each group with their average age
at initial and final follow-up are shown in table 1. Aver-
age initial Cobb angle was 15.2° ± 4.6°, 13.9° ± 4.5° and
16.1° ± 4.9° for the group A, B and C, respectively. Aver-
age Cobb angle at last follow-up was 6.8° ± 4.3°, 13.6° ±
4.7° and 26° ± 9.3° for the group A, B and C, respec-
tively. Our result showed the incidence rate of 32.5% for
children (55/169) who showed regression of curve > 5°,
41.4% for children (70/169) who did not show any
change in curve and 26% for children (44/169) who
exhibited curve progression > 5° at the latest follow-up.
When we observed the serial radiograms of each patient,
46.1% (78/169) exhibited changing pattern in their
curves before it settled down to final curve (Figure 1
and 2). This change in the pattern of curve was
observed in the children from all three groups; however,
t h ec h a n g ew a sm o r ef r e q u e n t l yo b s e r v e di ng r o u pA
and B (p < 0.001).
There were 26 boys and 29 girls in group A; 16 boys
and 54 girls in group B; and 8 boys and 36 girls in
group C. Comparing fate of curves according to gender
it showed significant relationship (p = 0.002, Chi-square
test) between gender of patient and curve regression,
stability or progression which suggested that boys have
greater tendency to stabilize curves while girls have
higher tendency for the progression. 38, 56 and 28
curves were right sided and 17, 14 and 16 curves were
left sided in group A, B and C, respectively. Comparing
the side of curves in each group with final outcome it
d i dn o ts h o wa n yr e l a t i o n s h i p( p=0 . 1 4 ,C h i - s q u a r e
test) between side of curve and regression, stabilization
or progression of curve. Similarly there were 33, 35 and
19 children had single curve (thoracic, thoraco-lumbar
or lumbar) and 22, 35 and 25 children had double
curves (major thoracic and minor lumbar or major lum-
bar and minor thoracic) in group A, B and C, respec-
tively. Comparing number of curves in each group it
also did not exhibit any relationship (p = 0.24, Chi-
square test) between number of curves and regression,
stabilization or progression of curves.
Discussion
Results of our study showed that in immature patients
who were detected with mild scoliosis for the first time,
Figure 1 Serial radiograms of a 6 year old boy with idiopathic scoliosis. Figure 1a) displayed initial Cobb angle of 15-degrees and curve
was on left side; which Figure 1b) became right sided curve with regression of 6-degress after six months; and Figure 1c) again became left
side curve after 19 months with Cobb angle of 11-degrees at final follow-up and became stable.
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degrees; which Figure 2b) became 5-degrees after 8 months; and Figure 2c) became right sided after 30 months with Cobb angle of 13-
degrees and became stable.
Table 1 Patients’ demographics according to group A, B and C
All Group A Group B Group C
Total no of Children (n) 169 55 70 44
Male/Female (n) 50/119 26/29 16/54 8/36
Average Age (yrs ± SD) 9.2 ± 2.1 8.11 ± 2.3 9.1 ± 1.11 9.9 ± 1.9
Average Final Age (yrs ± SD) 10.11 ± 2.8 10.3 ± 2.9 10.8 ± 2.5 11.11 ± 2.9
Average Follow-up (yrs ± SD) 1.9 ± 0.9 1.5 ± 0.4 1.7 ± 0.6 2.2 ± 1.0
Average Initial Cobb Angle (° ± SD) 14.9 ± 4.7 15.2 ± 4.6 13.9 ± 4.5 16.1 ± 4.9
Average Final Cobb Angle (° ± SD) 14.7 ± 9.6 6.8 ± 4.3 13.6 ± 4.7 26.0 ± 9.3
Primary Curve side (n)
Right 122 38 56 28
Left 47 17 14 16
Number of Curves (n)
Single 87 33 35 19
Double 82 22 35 25
Change in Pattern of Curve (n) 78 26 44 8
group A who had regression or resolution of curve for 5° or more at final follow-up; group B who had no change (or difference less than 5°) in Cobb angle at
final follow-up; and group C who had progression of curve for more than 5° at final follow-up.
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regression, stabilization or progression of curves was fre-
quently observed. The incidence rate of changing pat-
tern was noted 46.1%. The possible reason for these
changing patterns could be better explained by the tun-
ing/balancing mechanism of paraspinal muscles which
try to balance the spine, and result into spontaneous
regression or stabilization of curve. If this mechanism
which we call as “tuning/balancing mechanism” fails, the
curve will ultimately show progression.
Only a subset of curves detected through screening
are destined to progress to a point of potential clinical
significance. The probability that curves will progress
more than 5° can vary from 5% to 90%, depending on
the patient’s age, sex, and skeletal maturity, and the pat-
tern and magnitude of the curve [5,6,26,27]. Progression
is less likely in older children with greater skeletal
maturity and with smaller curves [26-28]. Depending on
the patient population, between 25% and 75% of curves
detected on screening may remain unchanged, and 3-
12% of curves may improve [6,28]. The reported prob-
ability that curves less than 19° will progress is 10% in
girls between age 13 and 15 and 4% in children over
this age [5,26]. One study [6] found that the probability
was 34% that the curves would progress more than 10°,
18% that they would progress more than 20°, and 8%
that they would progress more than 30°. Another study
of patients with untreated curves found that 25% ceased
progression before reaching 25° and that 12% ceased
progression before reaching 29° [28]. However, in the
initial stage, especially in skeletally immature children,
when curve is identified for the first time, it is difficult
to judge whether it will regress, stabilize or progress. In
present study we identified 169 children with Risser sign
0 as a sign of skeletal immaturity, and followed them
regularly in our outpatient clinic for a minimum period
of one year. We observed change in the pattern of curve
with their Cobb angle at each follow-up and their fate
without any conservative treatment. 32.5%, 41.4% and
26% of the total curve exhibited regression, no change
and progression, respectively which can be considered
as an incidence rate. However, interestingly, 46% of the
total curves showed changing pattern of their curves
before they settled in one of these three groups (group
A, B or C). These findings aroused curiosity about the
significance of changing pattern of curve in the final fate
of curve and the reason behind that.
The aetiology of all but idiopathic is self-evident and
the progression of deformity is popularly believed to be
linked to the mechanical modulation of growth theory
[29,30]. It is based on the Hueter-Volkmann principle of
differential growth through differential pressure loading
on the growth plate [31]. Eular’s Law of viscoelastic
buckling of a spine in the coronal and transverse planes
leading to a lateral bend and axial rotation/torsional
buckling, respectively is a mechanical explanation of the
forces acting on the vertebral body growth plates as well
as the entire spinal column [32,33]. Because scoliosis
progresses during the pubescent growth spurt, it is likely
that the vertebral body growth plate is a major factor in
the development of the scoliosis deformity [34]. The
other theory proposed for progression of scoliosis is
paraspinal muscle imbalance by several authors. Ford et
al [17] suggested that underlying cause of the adolescent
idiopathic scoliosis might be the imbalance in the deep
muscles at the apex of the curve. They supported the
hypothesis of Fidler and Jowett [35] who suggested that
increased tonic activity of the deep medial paraspinal
muscles, such as multifidus, on one side of the spine
and a consequent effect on vertebral growth could be of
importance in the aetiology of idiopathic scoliosis. Fig-
ueredo and James [36] showed spontaneous resolution
of a structural curve, as described in the infantile group
of scoliosis, in seven cases (8%) of total 98. Soucacos et
al [11] identified the factors important in their associa-
tion with the natural history of the scoliotic curve
regarding sex of the child, curve pattern, and maturity.
More specifically, the pattern of the curve was strongly
indicative of the risk of progression when considered
according to curve direction and sex of the child. Their
study group, however, included children from 9 to 15
years of age. In our study, we included children from 5-
11 years of age who had Risser sign 0 and skeletally
immature. We did not find any relationship between
side of curve or number of curve and regression, stabili-
zation or progression of curve; however, boys had higher
chances of regression than girls. Additionally, our results
proved that there should be possibly other factors
responsible, especially in skeletally immature children
that might have impact on fate of curve. Since muscles
cause movements and maintain tonus, they can be con-
sidered to produce skeletal deformities in situations of
imbalance [37]. In other words, situations of imbalance
of the back muscles may be the only causal factor for
scoliosis.
In another experimental study by Schwartzmann and
Miles showed that selective muscle imbalance can be
produced without muscle excision by the use of inert
material to prevent muscle reattachment which will pro-
duce lateral curvature [38]. Muscle excision and release
which did not produce imbalance resulted in no scolio-
sis in the animals studied. While Weiss showed decrease
in muscular imbalance between convex and concave
side with physical rehabilitation program that ultimately
reduced the Cobb angle in their subjects [23]. This sup-
ported strengthening of the musculature as well as
economization of muscle work. However, in the younger
patients in his study group, some of the results were not
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ity. He attributed this to retarded adaptation of the
child’s muscles to the changed training conditions [24].
During a muscle training program lasting several weeks,
a distinct increase in activity occurred during the first 3
weeks and the activity then dropped to the initial value
[24,25]. This proved that immature individuals were still
in the phase of increased muscle activity. Thus, based
on these literature reviews it is clear that in skeletally
immature patients with mild scoliosis paraspinal muscle
try to get activated and balance themselves which might
be a responsible factor for spontaneous resolution of
curve. Once muscles fail to balance and disc or vertebral
end plates start showing changes in growth plates, the
curve will show progression of curve. We showed that
46% of cases in our study initially exhibited changing
pattern in their curve and later on it become stabilized
in one pattern. This points out that in skeletally imma-
ture children, when curve starts to appear, paraspinal
muscles try to balance the spine by their inherent “bal-
ancing or tuning mechanism” for a short period of time
till it stabilizes into a single pattern. This spinal balan-
cing mechanism might result in a wavy pattern of
Cobb angle during the follow-up till it follows one of
final path of progression, stabilization or regression
(Figure 3). Reviewing literature, we could say that “tun-
ing/balancing mechanism” of paraspinal muscles for the
progression, regression or stabilization in immature mild
curves; however, the role of spinal ligaments and growth
plates cannot be ignored.
The possible criticism for this study might be angle of
curve to consider as scoliotic angle. We were concerned
about role of spinal column in the developing (imma-
ture) curve and that’s why we considered those children
who had curve more than 10° as per definition of scolio-
sis. Additionally initial curves of all three groups did not
show any significant difference (p = 0.15, ANOVA) in
our study. Second criticism might be average follow-up
period which is comparatively less with an average of 21
months (minimum 12 months). We would like to clear
that actual follow-up period for these patients are longer
than that; however, to keep uniform follow-up in all
three groups we considered final follow-up when the
curves started showing uniform pattern during three fol-
low-up which did not fall in changing pattern category
by us. And we did not observe any changes later on as
described by us in subsequent follow-up. Cheung et al
[15] has established a clear association between both the
spinal growth velocity and EMG ratio of the paraspinal
muscles and progression of the scoliotic deformity. We
believe that in immature children if growth spurt
exceeds the paraspinal muscle adaptation rate, the curve
will ultimately show progression. And possibly that
might be reason that prevalence of scoliosis increases
during rapid growth spurt. Role of postural changes [39]
can’t be ignored in mild scoliotic curves; however, chan-
ging pattern from one side of curve to the other side in
a same patient on follow-up does not support the role
of postural effect. Possibly this could be only explained
by our proposed hypothesis of tuning mechanism of
Figure 3 Explains our proposed hypothesis of tuning/balancing mechanism of spinal column. Figure shows x is the onset time of
scoliosis in growing spine; y is the time when curve will follow one of three pathway (A: regression; B: stabilization and C: progression); and z is
the time of change in treatment approach. This figure explains that in growing spine for a short period of time (x-y), there is wavy pattern in
Cobb angle that is the period during which spinal column makes an effort to balance the spine. When this effort fails, the curve will follow path
C and show the progression; and if it gets balance curve will either stabilize (path B) or regress (path A).
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establishing this hypothesis which may be a lacuna of
our study. We believe further work on this issue of tun-
ing mechanism is necessary. Another point might be dif-
ferent level of physical activity of which patient which
may affect the nature of curve. However, our study
group consisted of only school children and they all
were involved in moderate level of physical activity and
sports. None of the children was involved in specific
sports activity as a professional, and therefore, we don’t
think that their physical activity might interfere with our
results. However, we believe further research would be
mandatory especially keeping in mind EMG study and
sports level activity. Another criticism might be the age
of enrolled children which was 5~11 years, i.e. mixed
juvenile and adolescent idiopathic scoliosis which may
behave differently. However, our purpose was to see
scoliosis in immature spine irrespective of their age. We
believe all immature curvature would behave in a same
way as published in the literature also. Therefore our
results would be valuable to those who are related with
scoliosis in their practice.
Conclusion
Present study shows the possible role of spinal column
tuning mechanism in skeletally immature children with
mild scoliosis curve for regression, stabilization or pro-
gression. If rehabilitation or physical therapy program is
applied during this period of immaturity, scoliosis curve
might regress with increased activation.
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